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(71) We, THE FURUKAWA ELEC- 
TRIC COMPANY LIMITED, a Japanese 
corporation, of 6 — 1, 2-chome, Marunouchi, 
Chiyoda-ku, Tokyo, Japan, do hereby declare 
5 the invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following state- 
ment: — 

10 The present invention relates to a method 
for producing a shaped-article of a poly-1,3,4- 
oxadiazole resin having improved properties 
by wet-shaping process from a solution of said 
resin in concentrated sulfuric acid. 

15 Recently, poly-l,3,4-oxadiazole resins have 
been developed as low-cost resins having a 
high heat resistance and many other excellent 
properties. Various methods for synthesis of 
these resins are known, for example, as fol- 

20 lows* 

(A) J. Polymer Sci, A3 45 (1965) dis- 
closes that said poly-l,3,4-oxadiazole resin is 
produced by reacting an aromatic dibasic acid 
or a derivative thereof with hydrazine or a 

25 salt thereof in fuming sulfuric acid or a poly- 
phosphoric acid. 

(B) U.S. Patent 3,238,183, J. Polymer 
Sci., A2 1157 (1964) discloses that an aroma- 
tic dibasic acid halide may be reacted with 

30 hydrazine or an aromatic dibasic acid di- 
hydrazide in the presence of an acid acceptor 
to produce a polyhydrazide, which is con- 
verted into poly-l,3,4-oxadiazole by heating. 

(C) MakromoL Chem., 44—6 388 (1961) 
35 discloses that a bistetrazole derived from an 

aromatic dibasic acid may be reacted with 
an aromatic dibasic acid halide in the pre- 
sence of an acid acceptor to produce poly- 
1,3,4-oxadiazole. 

40 (D) U.S. Patent 3,644,297, British Patent 
1,252,508 and German Patent 1,902,591 dis- 
closes that an N-allcylhydrazide-l,3,4-oxadi- 
azole copolymer is produced by reacting poly- 
1,3,4-oxadiazole with an alkyl sulfate in fum- 

45 ing or concentrated sulfuric acid. 

The inventors have proposed in German 
Patent Application 1,769,151 laid open for 



public inspection and British Patent 1,252,508 
a method for forming a solution of poly- 
oxadiazole resins in concentrated sulfuric acid 
into shaped articles by wet-shaping process 
in which said solution is coagulated in a bath 
containing, for example, 10 to 68 weight % 
aqueous sulfuric acid. The method has vari- 
ous advantages for working on a commercial 
basis. 

A shaped article, for example, a fiber, a 
film or an impregnated material, formed of 
a polyoxadiazole resin obtained in the above- 
mentioned process, has various excellent pro- 
perties and especially that the tensile proper- 
ties of said resin containing a 1,3,4-oxadiazole 
ring do not deteriorate even when heated at 
high temperature, for example, at 300° G for 
10 hours. 

It has been found, however, that a shaped 
article of said resin containing a 1,3,4-oxadi- 
azole ring has a poor dimensional stability, 
high water and moisture absorption as com- 
pared with those generally obtained by wet- 
shaping process and that it also has a poor 
light resistance. It has also been found that 
although it has a high heat resistance as 
above mentioned, if it is kept for a long 
time at a relatively low temperature at which 
it is often used, for example, 150—200° C, 
its excellent properties are gradually degraded. 
It is a serious problem in the practical use 
of a shaped article of a poly- 1,3,4-oxadiazole 
resin. 

An object of the present invention is to 
obviate or mitigate the above-mentioned draw- 
bade and to provide a method for producing 
a shaped article of a poly- 1,3,4-oxadiazole resin 
having improved properties. 

The inventors have studied diligently the 
above-mentioned problem and found that it 
can not be solved by thoroughly washing 
with water the shaped article in the gelled 
state. The present invention is intended to 
solve the above-explained problems and is 
characterized in that a shaped article in a 
gelled state, which is obtained by introducing 
a solution of a poly- 1,3,4-oxadiazole resin in 
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concentrated sulfuric acid into a coagulating 
bath to be coagulated and then washing the 
coagulated articles if necessary, is brought into 
contact with at least one aqueous solution 
5 which is 

(1) A buffer solution having a pH between 
5 and 12, 

(2) an aqueous solution of an amide com- 
pound soluble in water, 

10 (3} an aqueous solution of an amide, or 
(4) an aqueous solution of a hydroxide, 
carbonate, bicarbonate, silicate, acetate 
or phosphate of sodium, potassium, lith- 
ium, magnesium, copper, manganese or 

15 zinc, 

and then washed chiefly with water and dried 
whereby a shaped article having an improved 
dimensional stability, lowered water and mois- 
ture absorption properties and an improved 

20 thermal stability for a long period of time 
at, for example, 150°— 200° C can be ob- 
tained without degradation of other proper- 
ties. Furthermore, it has been found that 
additional effects which vary depending upon 

& the treating agents, can be attained by such 
a treatment; for example, the electric proper- 
ties and light resistance may be improved 

The reason why such properties are im- 
proved by causing a shaped article in gelled 

* state to be in contact with the solutions 
(1)— (4) described above it believed to be as 
follows, 

A 1,3,4-oxadiazole ring contained in the 
recurring unit of poly-l,3,4-oxadiazole resin 
is basic and is protonized in a sulfuric acid 
solution to form strong positive ions. These 
positive ions are very stable and remains stable 
in water without being decomposed during 
coagulation and permit the polymer molecules 
w to expand by their mutual repulsion and fur- 
ther make the degree of swelling large by 
their hydraiton. For these reasons, it is be- 
lieved that the shaped article has, even after 
drying, a high rate of water absorption, a 
45 poor dimensional stability and a low heat 
resistance. In the shaped article in the gelled 
state of this invention, the positive ions are 
neutralized and consequently the polymer is 
aggregated by the above-noted treatment, so 
jO that the shaped article after drying is caused 
to have a low rate of water absorption, a 
good dimensional stability, high mechanical 
strength and a high heat resistance. More- 
over, in spite of die fact that poly-1,3,4- 
oxadiazole resins have a tendency to absorb 
easily not only protons but also positive metal 
ions, by such treatment, ions having adverse 
effects on poly-l,3,4-oxadiazole resins, e.g. iron 
ions and calcium ions contained in the sulfuric 
ou acid and water respectively and concentrated 
in the shaped article, are replaced by ions 
capable of being removed by water wash- 
ing. In a polymer such as a polybenzimidazole 



and a polyamide which is known to be capable 
of wet-shaping by using sulfuric acid, it is 
unnecessary to use the above-mentioned treat- 
ment In contrast, in this invention such treat- 
ment is indispensable for poly- 1,3,4-oxadiazole 
resins due to their characteristics. As the poly- 
1,3,4-oxadiazole resin useful in the present 
invention there can be used a polymer which 
contain a 1,3,4-oxadiazole ring and an aroma- 
tic ring or aromatic rings with or without 
heterocycles and, if necessary, — CHt— , 
— S— , —CO—, and S0 2 , in the re- 
curring unit, and include a polymer con- 
taining N-alkyl hydrazide groups in place of 
some of the 1,3,4-oxadiazole rings of the 
above-mentioned polymer, said N-alkyl 
hydrazide being less than 50 mol % of the 
polymer in the recurring unit of the above- 
mentioned polymer. 

Examples of said resins include poly (p- 
phenylene-l,3,4-oxadiazole) and polymers in 
which the r>phenylene unit of poly (p-phenyl- 
ene-l,3,4-oxadiazole) is partially or entirely 
replaced by m^>henylene, oxybiphenylene, 
carbonylene biphenylene, sulfonylene biphenyl- 
ene, 2,2' - biphenylene - bibenzimidazole, 2,2'- 
biphenylene-dibenzoxazole, 2,5'-biphenylene- 
13,4-tfaiadiazole, biisoindro [1,2-a] quinazole 
dione-6,6'-ylene. 

N-alkyl hydrazide groups which may re- 
place some of the 1,3,4-oxadiazole rings in- 
cludes N-methyl ethyl, isopropyl and isobutyl 
hydrazide groups. The method of this inven- 
tion is most significantly used for resins 
containing p-phenylene or p/m-phenylene 
units and 1,3,4-oxadiazole rings which, of all 
poly-l,3,4-oxadiazole resins, is most liable to 
protonation though excellent in various pro- 
perties. 

The concentrated sulfuric acid used as the 
solvent for the poly-l,3,4-oxadiazole resin in 
this invention has a concentration of 78 to 
110% by weight, preferably 90 to 106% by 
weight, most preferably about 100% by 
weight. 

The concentration of the resin in the resin 
solution and the molecular weight of the resin 110 
arc closely related to the viscosity of the 
solution. The viscosity of the solution is im- 
portant in wet-shaping processes. In this inven- 
tion, it is preferable that the viscosity is as 
high as possible. The concentration of a resin 
can be properly selected in consideration of 
the desired properties of the shaped articles 
for which it is used and also die shaping 
quality of its solution, which however may 
ordinarily be from 2% to 15% by weight 
It is necessary that the inherent viscosity of 
the resin, corresponding to its molecular 
weight, is more than 0.4 in the case of a 
resin containing no N-alkyl hydrazide bonds 
and more than 0.04 in the case of a resin 
containing said bonds, preferably more than 
1.4 in the former case and more than 0.4 
in the latter case in order that the resultant 
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shaped articles may have excellent mechanical 
properties and heat resistance. In order to 
improve die properties of the shaped articles 
of said resin, for example, mechanical proper- 
5 ties, light resistance, or inflammability, fillers 
may be added to a solution of poly-1,3,4- 
oxadiazole resins. They include, for example, 
carbon black, carbon fiber, glass fiber, glass 
beads, glass balloon, silica, and alumina pow- 
10 der. 

A solution of a poly-l,3,4-oxadiazole resin 
in concentrated sulfuric acid may be co- 
agulated by wet-shaping process in a co- 
agulating bath as proposed in publicly dis- 

15 closed German Patent Application 1,769,151 
and in British Patent Specification 1,252,508 
as follows: — 

(A) 15 to 68% by weight aqueous solution 
of sulfuric acid, 

20 (B) 60 to 100% by weight aqueous solu- 
tion of lower aliphatic carboxylic acid having 
pKa (25° C.) of less than 3.8, 

(C) mixed aqueous solution of sulfuric 
acid and at least one of the above carboxylic 

25 acids, in which the quantity of sulfuric acid 
is 15 to 68% by weight or in which the 
quantity of said carboxylic acids is more 
than 60% by weight, and 

(D) a solution of any one of the above- 
30 described coagulating baths (A) to (C) mixed 

with less than saturated concentration of at 
least one sulfate, phosphate, chloride or nitrate 
of aluminium, sodium, zinc, magnesium, nickel, 
copper, potassium or manganese. 
35 Furthermore, the following solutions may be 
used. 

(£) mixed solution of any one of the 
above-described coagulating baths (A) to (D) 
and amide compounds, for example, form- 

40 amide, NN-dimethylformamide, acetamide, 
and N-methylpyrolidone, and 

(F) aqueous solution of zinc chloride, zinc 
sulfate, and zinc nitrate. 
Shaped articles in a gelled state in the 

45 present invention— the gelled state means a 
state in which shaped articles are swollen 
chiefly with sulfuric acid and water or with 
water—can be obtained by extruding the 
above-described resin solution through proper 

50 shaping means, for example orifices having a 
desired cross-section, e.g. circular hole, rect- 
angular slit, wave like sHt and then introduc- 
ing the thus extruded material into any one 
of the coagulating baths (A) to (F) to co- 

55 agulate it or by impregnating with said resin 
solution glass cloths or inorganic porous 
material inert to the resin solution, for ex- 
ample, asbestos or rock wool articles and then 
dipping the impregnated glass cloths or in- 

60 organic porous materials in said coagulating 
bath to coagulate it, preferably by washing 
the coagulated matter with water, which makes 
it possible to shorten the time required for 
the subsequent treatment in which shaped 

65 articles in gelled state are brought into con- 



tact with the below-mentioned aqueous solu- 
ions. 

One of die following aqueous solutions can 
be used as a treating agent for contacting with 
the shaped article in the gelled state after 70 
being coagulated and preferably washed with 
water, in order to improve the properties of 
the shaped article:— 

(1) buffer solutions having a buffer action 
within a pH range of 5.0 to 12.0. Among 75 
them, the use of Qark-Lubs' buffer solution, 
Sarensen's buffer solution, Atkins-Pantin's 
buffer solution, MenzeTs buffer solution and 
Comori's buffer solution is preferable. 

(2) aqueous solutions of water-soluble acid 80 
amides, for example, formamide, N-methyl (or 
ethyl, propyl, butyl) formamide, N^-di- 
methyl (or diethyl, dipropyl, dibutyl) form- 
amide, acetamide, N,N-dimethyl (or diethyl) 
acetamide, diacetamide, triacetamide, methyl- 85 
ene-diacetamide, propionamide, oxalic amide, 
N-methyl pyrrolidine. Among them, the use 

of formamide, N,N-dimethyl formamide, N,N- 
diethyl formamide, N,N-dimethyl acetamide, 
acetamide and N-methyl pyrrolidone is prefer- 90 
able in view of their affinity for the shaped 
article and high solubility in water. 

(3) aqueous solutions of amines, for ex- 
ample, butylamine, propylamine, diethylamine, 
tnethylamine, ethylenediamine, trimethylene- 95 
diamine, nonmethylenediamine, piperazine, 
hexamethylenetetramine, ethanolamine, di- 
ethanolamine, methanol amine, morpholine, N- 
methylmorpholine, p-aminophenol, aniline, 
ethylanOine, dimethylaniline, toluidine, pyr- 100 
idine, o-phenylenediamine, a-naphthylamine. 
Particularly, in view of auxiliary effects, for 
example, a high penetration into the shaped 
article and a high solubility of the resulting 
sulfuric acid salt in water, monoetlianolarnine, 105 
diethanolamine, triethanolamine, aniline, tri- 
ethylamine, pyridine and p-aminophenol are 
preferable. 

(4) aqueous solutions of hydroxides, car- 
bonates, bicarbonates, silicates, acetates and 110 
phosphates of sodium, potassium, lithium, . 
magnesium, zinc, copper and manganese. In 
view of the auxiliary effect, the use of sodium 
hydroxide, lithium hydroxide, sodium carbon- 
ate, potassium carbonate, sodium bicarbonate 115 
and sodium silicate is preferable. 

The treating agents are limited as described 
above for the following reasons. It should be 
expected that if only the neutralization of the 
remaining add is aimed at, any one of basic 120 
substances can attain the same effect as men- 
tioned above, but as a matter of fact, it 
has been confirmed that basic substances other 
than the above defined substances degrade 
various properties of die shaped articles and 125 
bring about negative effects. 

In order to contact the shaped article in 
the gelled state, obtained by wet shaping 
process, with any of the above-mentioned 
aqueous solution for said treatment, there are 130 



several procedures, including the one in which 
the shaped article is passed through or dipped 
into the aqueous solution and also die one 
m which the aqueous solution is sprayed on 
5 the shaped article. The present invention is 
not limited to these procedures. 

The concentration of the aqueous solutions 
for said treatment is not critical, but it is 

in ^flf y less * an 1°%' Pliably less than 

1U 5 /o because at a higher concentraiton the said 
solutions are unnecessarily adsorbed by the 
shaped articles of the poly-l,3,4-oxadiazoIe 
resins and water-washing after said treatment 
must be carried out for a long period of 

15 tune. Furthermore, the temperature of the 
aqueous solutions is not critical. 

If necessary, the resulting poly-l,3,4-oxadi- 
azole resin shaped articles coagulated in the 
above-described coagulating bath are drawn 

20 preferably within a range of less than 15 
times their original length in the gelled state 
or in the undried state, whereby the shaped 
articles having excellent transparency and 
mechanical properties particularly, can be 

25 obtained. In this case, the drawing can be 
effected in a wet state containing either the 
coagulating solution or the washing water and 
further such drawing can be effected in a liquid 
coagulating bath, e.g. of water or glycerine 

JO or in air. 

The drawing temperature has also a wide 
range and as far as the shaped articles are 
in undried state, there is no limitation in any 
condition. Furthermore, the shaped articles 

35 obtained in a coagulating bath can be drawn 
somewhat even in a dried state. This can be 
seen apparently from the fact that the shaped 
articles under the present invention have a 
large value of elongation at break. 

40 Poly-l,3,4-oxadiazole resin shaped articles 
obtained by the present invention, with or 
without drawing, can be given an improve- 
ment in chemical and thermal resistance and 
other properties, for example, moisture absorp- 

* 3 tion and dimensional stability by heating, for 
example, at 200° C to 600° C. 

The invention will be further explained in 
detail by the following Examples. The parts 
and percentages are by weight. 

50 Example 1. 

332 parts of terephthalic acid, 264 parts 
of hydrazine sulfate and 5300 parts of fuming 
sulfuric acid containing 23.4% of SO, were 
charged into a reaction vessel, and the resuit- 

55 ing mixture was, reacted at 130° C. for 4 
hours to obtain a solution of poly (p-phenyl- 
ene-l,3,4-oxadiazole) in fuming sulfuric acid 
having a viscosity of 13,100 poises at 30° C. 
The resulting polyoxadiazole resin had an in- 

60 herent viscosity of 4.5 in 0.3% resin solution 
in 100% sulfuric acid at 30° C. 

This resin solution was extruded through 
a spinneret provided with 15 orifices, each 
0.2 mm diameter, into 54% aqueous solution 



of sulfuric acid at 26° C. and coagulated 65 
into a filament. The filament obtained was 
introduced into a water bath to remove most 
of sulfuric acid for 10 minutes, thus being 
turned into a gelled state, fully swollen with 
water. It was then led into a bath of an 70 
aqueous solution of sodium hydroxide (0.5 
weight % concentration), and further into a 
water bath to wash, and drawn to 3 times 
its original length and then dried. The re- 
sulting filaments had a fineness of 7,2 deniers, 75 
a tenacity ^ of 4.2 g/denier, an elongation at 
break of 50% and a Young's modulus of 72 
g/denier. Also the filaments had a moisture 
absorption of 6.4% at 80% RH at 20° C 
This filament did not show any change of 80 
tenacity after heating at 350° C. in air for 
10 hours, and after heating at 200° C. in air 
for 5,000 hours. 

For comparison, the filament obtained by 
the same manner as described above, except 85 
mat the treatment with the aqueous solution 
of sodium hydroxide was not effected, had a 
moisture absorption of 12.7% at 80% RH 
at 20° C. and showed 12% decrease of its 
original tenacity after heating at 200° C. in 90 
air for 5,000 hours. It did not show any 
change of tenacity after heating at 350° C in 
air for 10 hours. 

Example 2. 

Into a reaction vessel were charged 1,040 95 
parts of 4,4'-dicarboxydiphenyi ether, 550 
parts of hydrazine sulfate and 7,930 parts of 
fuming sulfuric acid containing 18.3% of S0 3 
and the mixture was reacted at 130° C. for 6 
hours while being stirred to obtain a solution 100 
of poly 4,4'-oxy-diphenyIene-l,3,4-oxadiazole 
in fuming sulfuric acid. The synthesized poly- 
oxadiazole resin had an inherent viscosity of 
2.46 in 0.3% solution of 100% sulfuric acid 
at30*C. 105 

The solution of polyoxadiazole in fuming 
sulfuric acid thus obtained was diluted with 
100 parts of 98% sulfuric acid and stirred 
tiioroughly to make the concentration of sul- 
furic acid 100%, the concentration of resin 110 
H%, and the solution viscosity of 4,000 
poises. 

The resin solution thus obtained was poured 
onto a glass plate, dipped for one minute in 
the same coagulation bath as described in Ex- 115 
ample 1 and for 5 minutes in a water bath 
at 25° C, thus being turned into a gelled 
state, containing some sulfuric acid. It was 
then put for one minute in a bath of an 
aqueous solution of sodium bicarbonate (7 120 
weight % concentration), and further for 10 
minutes in a running water bath. 

The film thus obtained was in gelled state 
and swollen by water 4.6 times as much as 
the weight of polyoxadiazole in an absolutely 125 
dried state. The dried film has a tensile 
strength of 1040 kg/cm 2 and an elongation of 
124%. 
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For comparison, the film was produced in 
the same procedure as described above, ex- 
cept that the treatment with the aqueous 
solution of sodium bicarbonate was not effeo 
5 ted, and said resulting film was in a gelled 
state and swollen by water 6.1 times as much 



as the original weight and had substantially 
the same tensile strength, and elongation at 
break, but after heating at 180° C. for 4 
weeks, their values decreased as shown in the 10 
following table. 



15 



20 





Tensile strength 


Elongation at break 


Example 


1050 kg/cm a 


48% 


Comparison 


920 kg/cm a 


16% 



Example 3. 

The polyoxadiazole resin solution used in 
Example 1 was extruded through a spinneret 
with 30 orifices, each 0.075 mm in diameter, 
into a coagulating bath at 20° C containing 
45% aqueous solution of sulfuric acid, in 
which 12% magnesium sulfate was dissolved, 
to obtain continuous filaments at a velocity 
of 10 m/min. 

The filament was drawn to 5 times its 
original length and washed with water. Hie 



filament in a gelled state thus obtained was 
then immersed into an aqueous solution of 
aniline (1 weight % concentration) and fur- 
ther washed with water and then dried and 
heat-treated at 340° C. for 5 minutes. 

For comparison, a filament was produced 
in the same manner as described above ex- 
cept that the treatment with the aniline solu- 
tion was not effected. The properties of two 
kinds of the filaments were as follows. 
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30 





Example 


Comparison 


Initial fineness (den.) 


2.8 


2.8 


tenacity (g/den.) 


4.6 


4.2 


elongation at break (%) 


20 


18 


Young's modulus (g/den.) 


98 


88 


moisture absorption (80% RH,20°C) (%) 


4.7 


10.3 


After aging at 180°C for 3 months 






fineness (den.) 


2.8 


2.8 


tenacity (g/den.) 


4.6 


4.1 


elongation at break (%) 


18 


13 


Young's modulus (g/den.) 


102 


92 


After outdoor exposure for a month 






fineness (den.) 


2.8 


2.8 


tenacity (g/den.) 


4.6 


3.7 


elongation at break (%) 


14 


8 


Young's modulus (g/den.) 


99 


92 



35 Example 4. 

141.10 parts of terephthalic acid, 24.9 parts 
of isophthalic acid, and 132 parts of hydrazine 
sulfate were added to 2,100 parts of ruining 
sulfuric acid containing 20% of S0 3 and 

40 then the resulting mixture was reacted at 
130° C. for 4 hours to obtain a solution of 
poly p-/m-phenylene-l,3,4-oxadiazole copoly- 
mer (p/m ratio: 85/15) in fuming sulfuric 
acid. 

45 The viscosity of the solution was 9,350 
poises and the inherent viscosity of the co- 



polymer in 100% sulfuric acid was 3.26. 

The solution of the copolymer thus ob- 
tained was extruded through a slit having a 
width of 0.5 mm onto a moving TEFLON 
(Registered Trade Mark) impregnated glass 
cloth and coagulated by continuously passing 
it through a coagulating bath containing a 
65% aqueous solution of sulfuric acid for 20 
seconds and through a 30% aqueous solution 
of sulfuric acid for 25 seconds and men 
introduced into a water bath. After being 
washed with water, the gelled state film was 
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peeled off the glass cloth, immersed in a 1% 
aqueous solution of monoethanolamine for 1 
minute, and then thoroughly washed with 
water and dried and further heat-treated at 
400° C. for 1 minute. 
The properties of the film thus obtained 



are shown in the following table. For com- 
parison, the properties of the film obtained 
in the same manner as described above except 
that the treatment with the monoethanol 
amine solution was not effected are also shown 
in the table. 
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Example 


Comparison 


Density 


1.40 


1 

1. J7 


Strength 


1,480 kg/cra a 


1 460 kff/cm a 

% »«J *J Will 


Elongation 


40% 


42% 


Electric resistance 


190 V/mm 


162 V/mm 


tan $ 


0.002 


0.004 


€ 


3.1 


3.3 


Moisture absorption (80% RH, 20°C) 


2.3% 


6.2% 


Dimensional change after immersion 
in water 


0.4 % 


0.8 % 


After heating at 200°C for 6,000 hours 






Strength 


1,420 kg/cm 2 


860 kg/cm 2 


Elongation 


1L2 % 


2.6 % 



Example 5. 

Into a reaction vessel were charged 1209 
parts of terephthalic acid, 955 parts of 
hydrazine sulfate and 15350 parts of fuming 
sulfuric acid containing 17% of SO s . The re- 
sulting mixture was reacted at 130° C. for 
4 hours while being stirred to obtain poly (p- 
phenylene-l,3,4-oxadiazole), which had an in- 
herent viscosity of 2.86 in a 0.3% solution in 
100% sulfuric acid at 30° C. The resin solu- 
tion (concentration of resin 6%, concentration 
of sulfuric acid 101%, solution viscosity 3870 
poises at 30° C) thus prepared was extruded 
through a slit having a width of 0.5 mm and 
a length of 500 mm onto a polyethylene sheet 
200 /i. thick which was moved through a co- 
agulation bath of 53% aqueous sulfuric acid 
at 20° C. at a velocity of 1 m/min. 

After coagulation, sheet-shaped polyoxadi- 
azole was immersed in a washing bath for 5 
minutes thus being turned into a water-swollen 
gelled state, and then into a 1% sodium 



hydroxide for 2 minutes and further in a water 
bath for 10 minutes. 

The shaped article in gelled state was 
dried by being run through hot rollers at 
ISO 0 C and heat-treated at 400° C. for 2 40 
minutes to obtain a polyoxadiazole film. 

This film had a moisture absorption of 
1.5% of the weight of absolutely dried film 
at 80% RH at 20° C and had a good 
dimensional stability after immersion in hot 45 
water. 

For comparison, the film obtained by the 
same process described above, except mat the 
sodium hydroxide bath was not used, had 
the moisture absorption of 3.7% of the weight 50 
of absolutely dried film, and the dimensions 
of the film were increased by 1.6% of the 
original length and width after immersion in 
hot water. The following table shows the ten- 
sile properties of the films obtained by the 55 
two processes described above. 
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10 



15 



20 



25 



30 



35 



40 





Example 


Comparison 


Tensile strength 


1270 kg/cm* 


1240 kg/cm a 


Elongation 


54% 


62% 


After heating at 200°C for 2 months 






Tensile strength 


1270 kg/cm 2 


1160 kg/cm 2 


Elongation 


38% 


12% 



Example 6. 
285 parts of terephthalic acid, 95 parts of 
isophthalic acid, 314 parts of hydrazine sul- 
fate and 4000 parts of fuming sulfuric acid 
containing 30% of S0 3 and 20 parts of 
methanol were reacted at 90° C for 2 hours 
while being stirred in a reaction vessel and 
then the temperature was raised to 130° C 
and the reaction was continued for about 4 
hours to obtain a solution of 13,4-oxadiazole- 
N-methylhydrazide copolymer 1,3,4 - oxadi- 
azole units 88 mol %, N-memymydrazide units 
12 mol %) in fuming sulfuric acid. The in- 
herent viscosity of the resulting 1,3,4-oxadi- 
azole-N-memylhydrazide copolymer was 0.41 
in 03% solution in 100% sulfuric acid at 
30° C 

This solution was extruded through a slit 
having a width of 0.3 mm and a length of 
100 mm into a coagulating bath containing 
35% aqueous solution of sulfuric acid at 40° 
C. and having a length of 1 m and coagulated 
into a film. It was then washed with water 
to form a water-swollen gel and passed through 
a bath of 2% sodium carbonate aqueous solu- 
tion with five stages of guide rollers at a 
velocity of 3 m/min. The resulting film was 
immediately drawn to 1.5 times its original 
length in a hot water at 60° C, and then 
washed with water and dried. The thus pro- 
duced film, 0.025 mm in thickness, had a ten- 
sile strength of 1,630 kg/cm 2 and an elonga- 
tion at break of 18%. This film retained 
the original tensile strength after heat aging 
tests at 220° C. for 240 hours and also at 
180° C. for 5,000 hours. But the film which 
was not passed through a bath of 2% sodium 
carbonate aqueous solution retained only 80% 
of the original tensile strength after heat aging 
test at 180° C for 5,000 hours. 

Further, two films obtained above were 
compared with each other as to dimensional 
stability with the following results. 



Example 026% (after immersion in water 45 
at 30° C.) 

Comparison 0.72% (after immersion in water 
at 30° C.) 

Example 7. 

Into a reaction vessel were fed 249 parts 50 
of terephthalic acid, 97 parts of dimethyl iso- 
phthaiate, 273 parts of hydrazine sulfate and 
2,400 parts of fuming sulfuric acid containing 
20% of S0 3 and the resulting mixture was 
reacted while being stirred at 130° C. for 6 55 
hours to obtain a solution of 1,3,4-oxadiazole- 
N-methylhydrazide copolymer (1,3,4-oxadi- 
azole units 86 mol %, N-methylhydrazide 
units 14 mol %) in fuming sulfuric acid. 
The resulting copolymer had an inherent vis- 60 
cosity of 0.48 in 0.3% solution in 100% 
sulfuric acid at 30° C. Then, the resulting 
solution of the copolymer in fuming sulfuric 
acid was diluted with 600 parts of 90% 
sulfuric acid and stirred thoroughly to de- 65 
crease the viscosity of the solution (concen- 
tration of sulfuric acid 98%, concentration of 
resin 8% and solution viscosity 2,300 poises). 
The resin solution thus produced was extruded 
through a spinneret provided with 30 orifices, 70 
each 0.075 mm in diameter, into 20% aque- 
ous solution of sulfuric acid containing 16% 
of ammonium sulfate at 45° C and coagulated 
into a filament at a linear velocity of 21 m/ 
min. and the filament thus obtained was 75 
treated in the same manner as described in 
Example 1. For comparison, the spinning was 
effected in the same manner as described above 
except that an aqueous solution of ferric 
hydroxide (1% by weight concentration) was 80 
used in place of the aqueous solution of 
sodium hydroxide. 

The properties of the resulting filaments 
were as follows. 
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Example 


Comparison 


Water ab- 
sorption (%) 


10.2 


28.6 




Initial 


After 
heating 
at 180°C 
for 2000 
hours 


After 
outdoor 
exposure 
for 1000 
hours 


Initial 


After 
heating 
at 180°C 
for 2000 
hours 


After 
outdoor 
exposure 
for 1000 
hours 


T 


4.1 


4.8 


4.0 


3.5 


2.3 


did not 
measure 


E 


42 


29 


25 


12 


5 


Y 


57 


82 


75 


55 


67 



T: tenacity (g/den.), E: elongation at break (%), 
Y: Young's modulus (g/den.). 
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Example 8. 
The same resin solution as that used in 
Example 5, to which was added 4% of 
sodium sulfate, was poured onto a glass plate, 
dipped for 1 minute in a 10° C coagulating 
bath containing 30% aqueous solution of sul- 
furic acid, and washed with water for 30 
minutes, thus being turned into a gelled state 
film swollen with water. It was then imme rsed 
into a MenzeTs buffer solution (pH 9.9) 
consisting of the mixture of 0.2 mole sodium 
carbonate and 0.2 mole sodium bicarbonate 
in 2 liters of water and washed again with 



water to obtain light yellow and translucent 15 
swollen film. Then, the resulting film while 
wet was subjected to bi-axial drawing, that 
is, twice as large in the longitudinal direction 
and 1.5 times as large in the transverse 
direction, washed with water, and dried in 20 
the stretched state. The thus obtained film 
was light yellow and transparent 

For comparison, another film was obtained 
in the same manner as described above, ex- 
cept that Menzel's buffer solution treatment 25 
was omitted. The properties of the resulting 
films were as follows. 
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Example 


Density 


1.38 


Weight increase 
after immersion 
in water for 5 
days (%* 


4.6 


Elongation after 
immersion in 
water (%) 


0.42 




Initial 


After heating 
at 180°C for 


After outdoor 
exposure for 
1 month 


1 

month 


2 j 
months 


3 

months 


TS 


16.8 


16.9 


16.9 


16.9 ; 


16.8 


E 


25 


22 


21 


21 


25 





Comparison 


Density 


1.36 


Weight increase 
after immersion 
in water for 5 
days (%) 


17.3 


Elongation after 
immersion in 
water (%) 


1.7 




Initial 


After heating 
at 180°C for 


After outdoor 
exposure for 
1 month 


1 

month 


2 

months 


3 

months 


TS 


16.8 


16.8 


16.7 


16.6 


14.3 


E 


30 


19 


14 


12 


7 



TS: tensile strength (kg/mm 2 ) 
E: elongation at break (%) 
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Example 9. 
2 parts of propylene were absorbed under 
pressure in 200 parts of 4% polyoxadiazole 
solution in 100% sulfuric acid obtained by 
5 diluting the solution obtained in Example 1. 
The resulting mixture was reacted at 30° C 
for 2 hours to obtain a solution of N-iso- 
propy!4iydrazide-l,3,4-oxadiazole copolymer 
(N-isopropylhydrazide units 23% 1,3,4- 
10 oxadiazole units 77%) (inherent viscosity 
0.54) in sulfuric acid. This resin solution hav- 
ing a viscosity of 4,400 poises was extruded 
through a spinneret with 30 orifices, each 0.075 
mm in diameter, into a 59% aqueous solu- 
15 tion of sulfuric acid, to which was added 8% 
of magnesium sulfate, and coagulated at 60° C. 
and at a linear velocity of 5.8 m/min. The 
resulting filament in a gelled state was re- 
peatedly drawn 10 times, each time to a 

20 length 1.1 times as large as the previous 
length, washed with water and dried. This 
drawing was made 3 times in water, 2 times 
in a bath consisting of 1% concentration of 
pyridine in water, 3 times in water and 2 

25 times in 80° C. hot water. The resultant fila- 
ment was swollen by water 3.7 times as much 
as the original weight of filament. Then the 
filament was passed through a furnace at 
350° C. for 2 minutes to obtain yellow fila- 

30 ment having a fineness of 2.2 den., a tenacity 
of 4.2 g/den., an elongation at break of 32% 
and a Young's modulus of 85 g/dea Even 
after the filament was dipped in 10% aqueous 
alkali solution or 30% aqueous strong mineral 

35 acid solution for 48 hours, the tenacity was 
not changed. Moreover even after the filament 
was heated at 250° C for 24 hours in air, 
their mechanical properties were not substanti- 
ally changed. When the above spun filament 

40 was not heat-treated in a furnace at 350° C, 
it was soluble in 10% aqueous alkali solution. 

For comparison, the filament obtained in 
the same manner as described above except 
that a water bath was used in place of an 

45 aqueous pyridine solution bam, was in a gelled 
state and swollen by water 5.4 times as 
much as its original weight of filament The 
dried filament decreased to 12% in tenacity 
after heating at 200° C. for 5,000 hours 

50 although the filament in this example did not 
show any change in tenacity after the same 
heat aging. 

Example 10. 
The same resin solution as used in Example 

55 1 was poured on a glass plate and dipped 
into 98% formic acid at 10° C. to obtain a 
film in a gelled state with a sulfuric acid 
content and having a thickness of 0.200 mm. 
This film was washed with 20% aqueous 

60 solution of formic acid and then thoroughly 
washed with water to form a water-swollen 
gel, immersed into Sarensen's buffer solution 
(pH 6) consisting of KH 2 P0 4 and Na 2 HP0 4 
and thoroughly washed with water again, sub- 



jected to bi-axial drawing to 1.5 times its 65 
original length and dried to obtain a trans- 
lucent film, which had a tensile strength of 
1,680 kg/cm 2 , and an elongation at break of 
6%. This film had a moisture absorption of 
1.7% and a dimensional change of 0.96% 70 
after immersion in water. The film, after being 
heated at 250° C. for 1,000 hours and at 
180° C. for 10,000 hours, had a tensile strength 
of 1,620 kg/cm 2 and an elongation at break 
of 5% showing substantially no change. 75 

For comparison, the filament obtained in 
the same manner as described above, except 
that Serensen's buffer solution consisting of 
glycine, sodium chloride and sodium hydroxide 
(pH 12.60 at 20° C.) was used in place of 80 
buffer solution used in this example, had a 
moisture absorption of 4.7% and a dimen- 
sional change of 4.2% after immersion into 
water. This filament decreased in tensile 
strength to 92% of its original value after 85 
heating at 180° C. for 10,000 hours. 

Example 11. 

The same resin solution as the one used 
in Example 1 was extruded through a spinneret 
with 15 orifices, each 0.200 mm in diameter, 90 
into a coagulating bath containing 78% aque- 
ous solution of formic add, to which was 
added 7% of zinc chloride, and having a 
length of 500 cm to obtain a filament at 21° 
C. at a take-up velocity of 18 m/min. The 95 
filament was drawn to 4.3 times its original 
length, washed with water, thus being turned 
into a gel swollen with water, immersed in 
a bath consisting of 5% concentration of N,N- 
dimethylformamide in water and moroughly 100 
washed with water and dried to obtain a 
yellowish white filament The resulting fila- 
ment had a fineness of 3.4 den., a tenacity of 
3.8 g/den., an elongation at break of 11%, 
a Young's modulus of 48 g/den. and a water 105 
absorption of 12.4%. 

The filament obtained in this example and 
the filament obtained in the same manner as 
described above except that the treatment 
with N,N-dimethylformamide solution was not 1 10 
effected for comparison, were heat-aged at 
200° C. for 3,000 hours. The retention of 
tenacity after aging was 98% of initial value 
in the former, 62% in the latter, respectively. 
The water absorption in the latter was 30.4%. 115 

Example 12. 
194 parts of isophthalic dihydrazide, 295 
parts of 4,4'-oxy-di- (benzoyl chloride) were 
stirred vigorously in 2,000 parts of hexamethyl- 
phosphoramide for 24 hours while the reaction 120 
temperature was kept at lower than 15° C. 
to obtain a viscous milk-white solution, which 
was poured into a large amount of water, 
whereby resin was precipitated. The resulting 
resin was washed with water thoroughly and 125 
then dried at 100° C. under vacuum to ob- 
tain polyhydrazide resin. This polyhydrazide 
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resin was heated at 280° C. under vacuum to 
effect cydodehydration, whereby m-phenyiene- 
M'-oxydipheriylene-l^^-oxadiazole copoly- 
mer was obtained. Tins polyoxadiazole resin 
5 was dissolved in 100% sulfuric acid to obtain 
a solution having a polyoxadiazole resin con- 
centration of 12% and a solution viscosity of 
2,900 poises. (The resulting polyoxadiazole 
resin had an inherent viscosity of 1.60 in 
10 0.3% resin solution in 100% sulfuric acid at 
30° G). 

A glass cloth was impregnated with the resin 
solution thus obtained, then dipped for 1 
minute into a 40° G coagulating bath com- 

15 posed of an aqueous solution containing 25% 
of sulfuric acid and 10% of nitric acid, and 
then washed with water, dipped in 2% mor- 
pholine aqueous solution for 5 minutes, washed 
again with water and dried. 

20 The yellowish white impregnated glass cloth 
contained 39% of resin and moisture absorp- 
tion of 0.4% of the weight of absolutely dried 
glass cloth and had a dielectric strength of 
48 KV, a volumetric resistivity of 10 15 flcm, a 

25 dielectric constant of 42 and a ten S of 
032%. 

For comparison, the impregnated glass cloth 
obtained in the same manner as described 
above except mat the treatment with the 

30 morpholine solution was not effected, had a 
moisture absorption of 1.7% of absolutely 
dried glass doth, a dielectric strength of 45 
KV, a volumetric resistivity of 10 14 Gem, a 
dielectric constant of 4.2, and tan 8 of 4.5%. 

35 After heating at 200° G for 5,000 hours, 
the dielectric strengths of the impregnated 
glass cloth obtained in this example and in 
comparison were 48 KV and 37 KV, respec- 
tively. 

40 Example 13. 

The same resin solution as the one used 
in Example 4 was extruded through a spin- 
neret with 10 orifices, each 0.075 mm in 
diameter, into 65% aqueous solution of di- 

45 chioroacetic acid at 20° G at a velocity of 
12 m/min. to obtain a filament in a gelled 
state with a high sulfuric acid content Im- 
mediately after the filament was dipped in 8% 
lithium hydroxide aqueous solution for 10 

50 minutes, it was drawn to 2 times its original 
length in a running water bath and dried 
at 210° G 

The filament thus obtained had a fineness 
of 4.5 den., a tenacity of 2.3 g/den., an 

55 elongation at break of 9%, a Youngs modulus 
of 52 g/den. and a moisture absorption (RH 
80%, 20° G) of 2.7% and did not change 
in tenacity after heating at 210° G in air 
for 500 hours. But the tenacity of a filament 

60 obtained in the same manner as described 
above except that the treatment with the aque- 
ous solution of lithium hydroxide was not 
effected, decreased by 7% of its initial value 
after heating under the same condition as de- 



scribed above. The filament had a moisture 65 
absorption (RH 80%, 20° G) of 7.6%. 

Example 14. 

28 parts of 2 - (p - carboxyphenyl) - 5(6)- 
carboxy benzoxazole, 149 parts of terephthalic 
acid and 138 parts of hydrazine sulfate were 70 
dissolved in 4,000 parts of fuming sulfuric 
acid containing 25% of SO a and the result- 
ing solution was reacted in the same manner 
as described in Example 2 to obtain a resin 
solution having an inherent viscosity of 2.98 75 
in concentrated sulfuric acid. 

The resin solution was diluted with 95% 
sulfuric acid so as to make the concentration 
of sulfuric acid 100%, poured on a glass 
plate, dipped in a 45% aqueous solution of 80 
sulfuric acid at 38° G for coagulation, washed 
with water to form a water-swollen gel, im- 
mersed for 3 minutes in 1% triethanolamine 
aqueous solution, washed again with water 
and dried at 100° G to obtain a film. This 85 
film had a tensile strength of 1,850 kg/cm 8 , 
an elongation at break of 35% and a moisture 
absorption (80% RH, 20° G) of 1.7%. After 
heating at 400° G for 1 minute, the film 
had a tensile strength of 1,970 kg/cm 2 and 90 
an elongation at break of 27% and did not 
change in tensile strength and retained the 
elongation of 18% after heating at 200° G 
for 1 month. 

For comparison, the film obtained in the 95 
same manner as described above, except that 
the coagulated film was not immersed in the 
aqueous solution of triethanolamine but was 
washed with water for 24 hours and dried 
at 100° G, had the moisture absorption (80% 100 
RH, 20° G) of 3.8% and did not show any 
change in its initial value as in the above 
case, but showed somewhat deteriorated mech- 
anical properties after heating at 200° G for 
1 month, i.e., the tensile strength was 1,840 *°5 
kg/cm 2 and the elongation was 12%. 

Example 15. 
A copolymer of rjerizimidazole and 1,3,4- 
oxadiazole obtained by reacting 2,2' - di-(4- 
carboxyphenyl) - 5,5' - bi - benzimidazole 110 
with hydrazine sulfate in polyphosphoric acid 
(inherent viscosity 2.00, measured in the same 
manner as described in Example 1) was dis- 
solved in 100% sulfuric acid so as to make 
the resin concentration 82%. The resin solu- 115 
tion was extruded through a spinneret having 
30 orifices of 75 p. in diameter into a 45% 
aqueous solution of sulfuric acid containing 
10% of manganese sulfate and the resulting 
coagulated filament, while being passed at a 120 
rate of 5.8 m/min., was washed with water, 
thus being turned into a water-swollen gel, 
immersed for 5 minutes in a buflfer solution 
consisting of boric acid, potassium chloride 
and sodium hydroxide and having a pH of 125 
9.6 (Clark-Lues* buffer solution), washed 
again with water and dried. The resulting 
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filament was heated at 390° C. for 1 minute. 

The properties of the filament thus obtained 
are shown in the following table. Moreover, 
for comparison, a filament was obtained in 
5 the same manner as described above except 



that the coagulated filament was not immersed 
in the Clark-Lubs' buffer solution and was 
washed with water for 24 hours, and the 
properties thereof are also shown in the table. 





Example 


ComDarison 


Fineness (denier) 


3.9 


3.9 


Strength (g/denier) 


5.4 


5.4 


Elongation (%) 


18 


15 


After heating at 200°C for 1 month 
Strength (g/denier) 


5.4 


5.1 


After heating at 200°C for 1 month 
Elongation (%) 


17 


11 


After outdoor exposure for 1 month 
Strength (g/denier) 


5.4 


3.6 


After outdoor exposure for 1 month 
Elongation (%) 


14 


4.7 


Moisture absorption (%) 


2.6 


5.8 


Dimensional stability (%/%RH at 30°C) 


0.012 


0.056 



15 



20 



25 



30 



WHAT WE CLAIM IS: — 

1. A method for producing a shaped article 
of a poly-l,3,4-oxadiazole resin having im- 
proved properties, characterized in that the 
shaped article in a gelled state, which is 
obtained by introducing a solution of a poly- 
l,3j4-oxadiazole resin in concentrated sulfuric 
add into a coagulating bath to be coagulated 
and then washing the coagulated article, if 
necessary, is brought into contact with at 
least one aqueous solution which is 



(1) 

(2) 

(3) 
(4) 



a buffer solution having a pH from 5 
to 12 

an aqueous solution of an amide com- 
pound soluble in water 
an aqueous solution of an amine or 
an aqueous solution of a hydroxide, 
carbonate, bicarbonate, silicate, acetate 
or phosphate of sodium, potassium, 
lithium, magnesium, copper, manganese 
or zinc 



and then washed and dried. 

2. A method as claimed in claim 1 where- 
in said poly-l,3,4-oxadiazole resin is poly(p- 
phenylene - 1,3,4 - oxadiazole) or poly(p-/m- 35 
phenylene - 1,3,4 - oxadiazole). 

3. A method as claimed in claim 1 wherein 
said buffer solution is Clark-Lubs', Sorensen's, 
Atkins-Pantin's, MenzePs or Comori's buffer 
solution having a pH from 5.0 to 12.0. 40 

4. A method as claimed in claim 1 where- 
in said amide compound is formamide, N,N- 
dimethyl or diethyl formamide, acetamide, 
N,N-dimethyl or diethyl acetamide or N- 
methyl pyrrolidone. 45 

5. A method as claimed in claim 1 where- 
in said amine is monoethanolamine, diethanol- 
amine, triethanolamine, aniline, triethylamine, 
pyridine or p-aminophenol. ' 

6. A method as claimed in claim 1 where- 50 
in said hydroxide, carbonate, bicarbonate, 
silicate or phosphate is sodium hydroxide, 
lithium hydroxide, sodium carbonate, potas- 
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shim carbonate, sodium bicarbonate or sodium 
silicate* 

7. A method as claimed in claim 1 fur- 
ther comprising drawing the shaped article 
in the gelled state or in the undried state 
produced by the method defined in claim 1. 

8. A method as claimed in claim 1 fur- 
ther comprising heating the dried shaped 
article produced by the method defined in 
claim 1, at a temperature of 200° to 600° C. 

9. A method as claimed in claim 1 fur- 
ther comprising drawing the shaped article in 
gelled state or in undried state produced by 
the method defined in claim 1 and then 
heating the drawn shaped article at a tem- 
perature of 200° to 600° C 

10. A method for producing a shaped 
article of a poly-l 3 3,4-oxadiazole resin having 



improved properties substantially as herein- 
before described with reference to any one of 
the foregoing Examples. 

11. A pdy-l,3,4-oxadiazole resin film, 
fiber or impregnated material obtained by a 
process as claimed in claim 1. 

12. A poly-l,3,4-oxadiazole resin film or 
fiber obtained by die processes as claimed in 
any one of claims 7, 8 and 9. 

13. A poly-l^^oxadiazole resin impreg- 
nated material obtained by the process as 
claimed in claim 8. 

MARKS & CLERK, 
Lombard House, 
144, Great Charles Street, 

Birmingham, 3. 
Agents for the Applicants. 
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